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Abstract 

Brahma (BRM) has a key function in chromatin remodeling. Two germline BRM 
promoter insertion-deletion polymorphisms, B.RM-741 and fiRM-1321, have 
been previously associated with an increased risk of lung cancer in smokers and 
head and neck cancer. To further evaluate their role in cancer susceptibility par- 
ticularly in early disease, we conducted a preplanned case-control study to inves- 
tigate the association between the BRM promoter variants and stage I/II upper 
aerodigestive tract (UADT) cancers (i.e., lung, esophageal, head and neck), a 
group of early-stage malignancies in which molecular and genetic etiologic factors 
are poorly understood. The effects of various clinical factors on this association 
were also studied. We analyzed 562 cases of early-stage UADT cancers and 993 
matched healthy controls. The double homozygous BRM promoter variants were 
associated with a significantly increased risk of early stage UADT cancers 
(adjusted odds ratio [aOR], 2.46; 95% confidence interval [CI], 1.7-3.8). This 
association was observed in lung (aOR, 2.61; 95% CI, 1.5-4.9) and head and neck 
(aOR, 2.75; 95% CI, 1.4-5.6) cancers, but not significantly in esophageal cancer 
(aOR, 1.66; 95% CI, 0.7-5.8). There was a nonsignificant trend for increased risk 
in the heterozygotes or single homozygotes. The relationship between the BRM 
polymorphisms and early-stage UADT cancers was independent of age, sex, 
smoking status, histology, and clinical stage. These findings suggest that the BRM 
promoter double insertion homozygotes may be associated with an increased risk 
of early-stage UADT cancers independent of smoking status and histology, which 
must be further validated in other populations. 



Introduction 

Epigenetic regulation of gene expression may occur by his- 
tone deacetylation and methylation, cytosine methylation, 



and chromatin remodeling [1, 2]. Altered epigenetic regu- 
lation affects normal gene transcription and is potentially 
tumorigenic. The SWI/SNF (SWItch/sucrose nonferment- 
able) complex is an ATP-dependent chromatin remodeling 
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complex that has been shown to modulate gene expression 
and mediate many important cellular processes, including 
cell cycle, growth and differentiation, DNA repair, and cell 
adhesion [3-12]. This multimeric complex promotes gene 
expression by shifting the positions of histones in the chro- 
matin to facilitate DNA access by transcription factors 
[13]. SWI/SNF is involved in regulating several key tumor 
suppressor genes, such as RB, p53, and BRCA [5, 14], and 
impaired function of SWI/SNF is associated with lung can- 
cer development [15]. 

Brahma (BRM) is one of two catalytic ATPase subunits 
essential for the function of the SWI/SNF complex, and 
there is mounting evidence that BRM is a tumor suppres- 
sor gene [3, 16]. Loss of heterozygosity of the BRM locus 
(9p23-24) occurs in a variety of malignancies [17-21], 
BRM protein expression is absent in 40% of lung cancer 
cell lines and in 18% of primary lung tumors irrespective 
of histology [22, 23]. Moreover, BRM is repressed in 10- 
20% of other cancers, including breast, colon, esophageal, 
gastric, head and neck, ovarian, prostate, and bladder 
cancers [23-26]. Further support for its tumor suppressor 
effects comes from in vitro evidence of growth inhibition 
of BRM-deficient cell lines by the reexpression of BRM 
[27, 28]. The loss of BRM is also associated with poorer 
prognosis in nonsmall cell lung cancer, supporting its role 
in lung cancer pathogenesis and progression [22, 29]. 

BRM expression has been shown to be epigenetically 
regulated [23, 30]. The sequencing of the BRM promoter 
in BRM-deficient lung cancer cell lines and primary lung 
tumors identified two novel germline insertion variants, 
BRM- 741 (rs34480940; 7 bp indel [insertion-deletion] 
polymorphism) and BPJVf-1321 (rs3832613 or rs59259177; 
6 bp indel polymorphism), that are postulated to recruit 
MEF2 and histone deacetylases [15]. The presence of both 
homozygous polymorphisms strongly correlated with loss 
of BRM expression in primary lung tumors (P = 0.015), 
as well as adjacent normal lung tissue (P = 0.002). Fur- 
thermore, in a case-control analysis of 1119 smokers, 
double homozygosity for the BRM promoter variants was 
most strongly associated with the risk of lung cancer 
independent of histology (adjusted odds ratio [aOR], 
2.19; 95% confidence interval [CI], 1.40-3.43; 
P = 0.0006) [15]. Given that only a subset of smokers 
develops lung cancer, these results raised the possibility 
that BPM- 741 and BRM- 1321 increase the risk of malig- 
nancy in predisposed individuals with prior carcinogenic 
exposure. In addition, another case-control study from 
our group demonstrated that homozygosity for the BRM 
promoter polymorphisms increased the risk of head and 
neck squamous cell carcinoma, particularly for the double 
homozygotes (aOR, 2.23; 95% CI, 1.5-3.4; P < 0.001) 
[31]. In the aforementioned studies, patients of all stages 
were included, with subgroup analyses suggesting that the 
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BRM-risk association may be stronger in more advanced 
disease. 

The three upper aerodigestive tract (UADT) cancers 
(i.e., lung, esophageal, head and neck) are frequently 
diagnosed at advanced stage with poor prognosis [32]. 
Their molecular and genetic etiologic factors are poorly 
understood. In fact, there is a need to better understand 
the factors predisposing to early-stage UADT cancers in 
order to improve screening strategies. Given the earlier 
associations between the BRM promoter variants and lung 
cancer among smokers and head and neck cancer across 
all stages [15, 31], we sought to determine whether 
BPM- 741 and BRM- 1321 are similarly correlated with 
esophageal cancer, to characterize the BRM-risk associa- 
tion specifically in early-stage UADT malignancies, as well 
as to assess whether the increased risk of malignancy is 
restricted to ever-smokers. Unlike the previous studies 
that included any clinical stage, this analysis specifically 
focused on patients with stage I/II tumors, as the aim was 
on investigating the genetic risk of early-stage cancer and 
identifying potential risk biomarkers that may be useful 
in early detection. To this end, we conducted a pre- 
planned case-control study to investigate the correlation 
between the BRM promoter variants and early-stage 
UADT cancers, as well as the factors that influence this 
association, including smoking status and histology. All of 
our analyses involved cases and controls that have not 
been previously evaluated in our prior studies, and thus 
also serve as confirmatory analyses. 

Materials and Methods 

Patients and data/sample collection 

A total of 562 cancer patients with histologically proven 
stage I/II UADT cancers treated at Princess Margaret 
Cancer Center (PMCC, Toronto, Ontario, Canada, 2001- 
2006) were part of a molecular epidemiologic study of 
cancer risk and prognostic factors, and were included in 
the analysis. These cases consisted of 268 lung, 110 
esophageal, and 184 head and neck cancers. Eligibility 
criteria included age 18 years or older, ability to commu- 
nicate in English, self-reported Caucasian ancestry, and 
lack of cognitive deficits to ensure that participants had 
an understanding of the study. Non-Caucasians repre- 
sented a small subset of the overall population and were 
excluded to reduce bias from population stratification. 
Lung cancer and head and neck cancer cases and controls 
formerly included in Liu et al. [15] and Wang et al. [31], 
respectively, were excluded from the current analysis. We 
restricted all UADT cases to adenocarcinoma (i.e., lung 
and esophageal) or squamous cell carcinoma (i.e., lung, 
esophageal, and head and neck); large cell carcinoma of 
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the lung that was not classified as large cell neuroendo- 
crine tumor was also included. 

A total of 993 healthy controls were matched to the 562 
cases by frequency distribution according to age, sex, and 
smoking status. For each case, we identified two matching 
controls of the same sex and smoking status, with their 
mean age equal to that of the case of interest. Screening 
controls who were smokers (n = 650) were chosen from 
the Lusi Wong Early Detection of Lung Cancer Screening 
Program (PMCC), which enrolled over 3900 patients. 
These individuals from the same catchment area as the 
cases responded to notices posted in Toronto hospitals 
and an unsolicited article in the largest local newspaper to 
participate in a screening program. On the other hand, 
nonsmoker screening controls (n = 343) were healthy 
friends of the cancer patients who responded to requests 
by volunteer recruiters to serve as controls for the study 
and lived in the catchment area of the cases. Participant 
criteria for the healthy controls in the cancer screening 
program included age 18 years or older, ability to speak 
English, and being genetically unrelated to known cases. 
Spouses of cancer patients were specifically excluded as 
controls for the current analysis. The epidemiologic study 
and screening research program described above were 
approved by the research ethics board at University Health 
Network, and all participants provided consent. 

The Harvard Oncologic Molecular Epidemiologic 
(HOME) Survey, a standardized epidemiologic question- 
naire of social habits and family history, was administered 
to all participants [33]. Whole blood was collected from 
all participants at the time of enrollment and stored at 
-70°C. 

Genomic DNA extraction and sequencing 

Genomic DNA was extracted from whole blood-derived 
lymphocytes of the 562 cases and 993 controls according 
to previously described protocols [15]. Genotyping of the 
BRM- 741 and B.RM-1321 promoter insertion polymor- 
phisms was conducted on extracted DNA by qPCR using 
TaqMan® probes (Life Technologies Inc., Burlington, 
Canada). The primers and PCR protocol used have been 
described previously [15]. 

Statistical analysis 

Baseline characteristics were tabulated for the cases and 
matched controls, and compared using chi-square and 
f-tests. All primary and subgroup analyses were pre- 
planned. The risk of UADT cancers was analyzed by mul- 
tivariate logistic regression using SAS version 9.3 to 
generate aORs, which were adjusted for age, sex, smoking 
status, pack-year history, and family history of UADT 
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cancers. Subgroup analyses were performed with respect 
to age, sex, smoking status, family history of UADT can- 
cers, disease site, histology, and clinical stage. 

Results 

Characteristics of the case and control 
populations 

The 562 cases of early-stage UADT cancers included: 268 
(48%) lung, 110 (20%) esophageal, and 184 (33%) head 
and neck cancers, which consisted mostly of oral (n = 93) 
and laryngeal (n = 72) cancers. Among these, 41% were 
adenocarcinomas and 55% were squamous cell carcino- 
mas. The majority of patients had stage I disease (77%). 
The cases and controls were matched for age (mean 
62 years), sex (63% male), and smoking status (23% cur- 
rent smokers, 43% ex-smokers, 34% never-smokers). The 
case and control populations had mean smoking histories 
of 44 and 29 pack-years, respectively. The characteristics 
of the cases and controls are shown in Table 1. 



Table 1. Baseline characteristics of the cases and their matched 
controls. 





Cases 


Controls 




Characteristic 


(n = 562) 


(n = 993) 


P-value 


Age, mean (range) 


62 (18-92) 


62 (30-87) 


0.71 


Sex, n (%) 








Male 


352 (63) 


624 (63) 


0.97 


Female 


210 (37) 


369 (37) 




Smoking status, n (%) 








Current smokers 


129 (23) 


226 (23) 


0.65 


Ex-smokers 


240 (43) 


424 (43) 




Never-smokers 


193 (34) 


343 (35) 1 




Pack-year history, 


44 (0.1-218) 


29 (2-1 90) 


<0.0005 


mean (range) 








Family history of UADT cancers, n (%) 






Yes 


23 (4) 


39 (4) 


0.60 


No 


539 (96) 


954 (96) 




Cancer type, n (%) 








Lung 


268 (48) 






Esophageal 


110 (20) 






Head and neck 


184 (33) 1 






Histology, n (%) 








Adenocarcinoma 


233 (41) 






Squamous cell carcinoma 


309 (55) 






Large cell carcinoma 


20 (4) 






Stage, n (%) 
I 

II 


435 (77) 
127 (23) 






ECOG performance status, n 


(%) 






0-1 


469 (83) 






2 or greater 


93 (17) 







UADT, upper aerodigestive tract. 

1 Percentages do not add up to 100% due to rounding. 
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The association between BRM-741 and BRM- 
1321 promoter polymorphisms and early- 
stage UADT cancers 

The frequencies of the BRM promoter polymorphisms 
were determined in the cases and controls, and their 
association with early-stage UADT cancers was evaluated 
relative to the wild-type (Table 2). Homozygosity for 
BRM-741, BRM-1321, or both was observed in 32% and 
28% of cases and controls, respectively. The risk of 
early-stage UADT cancers was significantly increased by 
more than twofold in patients with the double homozy- 
gous variants (aOR, 2.46; 95% CI, 1.7-3.8; P < 0.0001). 
In contrast, the heterozygotes and single homozygotes 
had a nonsignificant trend for increased risk, with aORs 
intermediate between those of the wild-type and double 
homozygote subgroups. When combined together, the 
heterozygotes and single homozygotes were found to 
have an increased overall risk of early-stage UADT can- 
cers compared to wild-type (aOR, 1.39; 95% CI, 1.1-1.7; 
P = 0.03). 

Separate analyses of the three UADT cancers showed 
that double homozygosity for the BRM variants was sig- 
nificantly correlated with lung (aOR, 2.61; 95% CI, 1.5- 
4.9; P = 0.006) and head and neck cancers (aOR, 2.75; 
95% CI, 1.4-5.6; P = 0.004). On the other hand, there 
was a nonsignificant trend toward association between 
esophageal cancer and the double homozygotes (aOR, 
1.66; 95% CI, 0.7-5.8; P = 0.31). 

The impact of clinical factors on the 
association between the BRM promoter 
variants and early-stage UADT cancers 

The effects of several clinical factors on the association 
between the BRM promoter polymorphisms and stage I/II 
UADT cancers were determined (Fig. 1 and Table SI). 
The magnitude of risk with the double homozygous BRM 
variants was not influenced by age, sex or smoking status. 
Moreover, the likelihood of cancer was similar for all his- 
tologies and clinical stages. 

Previous studies of the BRM polymorphisms in cancer 
were limited to smokers. Therefore, the relationship 
between BRM genotype and UADT cancers was exam- 
ined separately in ever-smokers and never-smokers 
(Table 3). The increased risk of malignancy in patients 
with BRM- 741/-1321 double homozygosity was similar in 
ever-smokers (aOR, 2.38; 95% CI, 1.3-4.4; P = 0.02) and 
never-smokers (aOR, 2.62; 95% CI, 1.2-5.0; P = 0.04) 
(interaction P = 0.32). Moreover, the magnitude of can- 
cer risk stratified by smoking status was similar in sepa- 
rate analyses of lung, esophageal, and head and neck 
cancers. 
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Table 2. Association between BRM 
UADT cancers. 


promoter 


polymorphism and 


BRM polymorphism 


Cases, 
n (%) 


Controls, 
n (%) 


Adjusted OR 
(95% CI) 1 ; P-value 


All cancers 


n = 562 


n = 993 




Wild type (reference) 


87 (15) 


205 (21 ) 


1 


Heterozygote (for either 


296 (53) 


512 (52) 


1 .38 (1 .0-1 .8) 


variant) 








Dr\tvi-/ £ + 1 nomozyyoie 


JO I, I 


97 (10) 


1 .45 (0.9-2.2) 


only 








dkivi- i dz i nomozygote 


DD \ \ Z) 


114 (11) 


1.39 (0.9-2.1) 


only 








Dr\tvi-/ £ + 1 ana - 1 dz i 




65 (7) 2 


2.46 (1.7-3.8) 


homozygotes 








Lung cancer 


n = 261 


n = 436 




Wild type (reference) 


39 (15) 


91 (21) 


1 


Heterozygote (for either 


13/ [bZ) 


223 (51) 


1 .45 (0.9-2.4) 


variant) 








Dr\tvi-/H i nomozygoie 


Zo { I I) 


45 (10) 


1 .48 (0.9-2.9) 


only 








Dnivi- \ jz i nomozygoie 


3D M 1 \ 


48 (11) 


1.47 (0.8-2.7) 


only 








Dr\tvi-/H- 1 ana - 1 dz i 


97/1 n\ 2 
Zl (lU) 


29(7) 


2.61 (1.5-4.9) 


homozygotes 








Esophageal cancer 


n = 113 


n = 1 55 




Wild type (reference) 


20 (18) 


30 (1 9) 


1 


Heterozygote (for either 


59 (52) 


83 (54) 


1 .07 (0.5-2.2) 


variant) 








homozygote 


lU (y) 


13 (8) 


1.15 (0.4-3.6) 


only 








dkivi- i jz i nomozygote 


14(12) 


18 (12) 


1.18 (0.4-3.3) 


only 








DDhA 7/11 nni-J 13T1 

dkm-Zh i ana - 1 dZ \ 


1 n /q\ 

iu (y; 


11 (7) 


1.66 (0.7-5.8) 


homozygotes 








Head and neck cancer 


n = 188 


n = 402 




\A/i H tv/no frQTQrQnrQl 
VVIIU LyjJc \l c I ci fcrl ]Lc) 


zo UjJ 


84 (21 ) 


1 


Heterozygote (for either 


100 (53) 


206 (51) 


1 .46 (1 .0-2.4) 


variant) 








6RM-741 homozygote 


20 (11) 


39 (10) 


1.55 (0.7-3.2) 


only 








6RM-1321 homozygote 


22 (12) 


48 (12) 


1.42 (0.7-3.1) 


only 








BRM-741 and -1321 


18 (10) 2 


25 (6) 


2.75 (1.4-5.6) 


homozygotes 









BRM, Brahma; OR, odds ratio; CI, confidence interval; UADT, upper 
aerodigestive tract. 

'The OR was adjusted for: age, sex, smoking status, pack-years, and 
family history of UADT cancers. 

Percentages do not add up to 100% due to rounding. 



Discussion 

This case-control study found that double homozygosity 
for the BRM germline promoter insertion polymorphisms, 
BRM- 741 and BRM- 1321, was significantly associated 
with an increased risk of early-stage UADT cancers by 
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(A) Single Homozygous 



(B) Double Homozygous 



< 60 years 
> 60 years 



Male 
Female 



Current Smokers 
Ex-Smokers 
Never-Smokers 



Favors 
Control 



Favors 
Case 



Favors 
Control 



Favors 
Case 



Presence of family history 
No family history 



Adenocarcinoma 
Squamous Cell 



Lung Cancer 
Esophageal Cancer 
Head and Neck Cancer 



Stage I 
Stage II 



~ i — i — i — rr 



1 — i — i — n - 



~i — i — i — i — i 



0.5 



1 



3 4 5 



0.5 



1 



3 4 5 



Figure 1. Impact of clinical factors on the association between the single homozygous (A) or the double homozygous (B) BRM promoter variants 
and early-stage UADT cancers. The ORs were adjusted for age, sex, smoking status, pack-years, and family history of UADT cancers. BRM, 
Brahma; OR, odds ratio; UADT, upper aerodigestive tract. 



more than twofold. This significant association was 
observed primarily in early-stage lung and head and neck 
cancers, while the magnitude and significance of the risk 
of esophageal cancer were lower. Furthermore, subgroup 
analyses showed that the increased risk of malignancy was 
independent of age, sex, smoking history, histology, and 
clinical stage. 

Liu et al. [15] previously showed that the double homo- 
zygous BRM variants increased the risk of stages I-IV lung 
cancer among active and ex-smokers (aOR, 2.19; 95% CI, 
1.4-3.4; P = 0.0006). This was validated in this study of 
early-stage lung cancer patients, which found a similar 
association between the double homozygotes and lung can- 
cer risk (aOR, 2.61; 95% CI, 1.5-4.9; P = 0.006). In addi- 
tion, this study expands our understanding of the etiologic 
relevance of the BRM promoter polymorphisms. First, the 
higher lung cancer risk of the BRM variants was observed 
in lifetime never-smokers, which suggests that these genetic 
polymorphisms confer risk independent of smoking status. 
The association was similar for lung adenocarcinomas and 
squamous cell carcinomas, despite the potentially different 
biological pathways in these histological subtypes [34], 
Moreover, a significant association between the double 
homozygotes and early-stage head and neck cancer was 
demonstrated, confirming the results of Wang et al. [31] in 
the early-stage subset. Thus, BRM- 741 and BRM- 1321 may 
be germline genetic variants relevant in both ever- and 
never-smokers, as well as across different cancers (lung, 
head and neck) and histological subtypes (adenocarci- 
noma, squamous cell carcinoma). While there are somatic 



genetic changes that are more prevalent in never-smoking 
lung cancer patients (e.g., EGFR mutations, ALK transloca- 
tions [35]), the BRM polymorphisms are potential 
germline biomarkers that may identify a subset of never- 
smokers with a twofold greater risk of lung cancer. How- 
ever, further study of the role of BRM and its promoter 
polymorphisms in tumorigenesis, as well as validation of 
these genetic variants as biomarkers of cancer risk will be 
necessary in order to establish their clinical utility. 

In addition, the association between the BRM promoter 
variants and UADT cancers observed in this study has 
potential therapeutic implications. While the double 
homozygous variants lead to the epigenetic loss of BRM 
expression in cancer cell lines and primary lung tumors, 
Gramling et al. demonstrated the pharmacologic recovery 
of BRM expression and function across BRM-deficient 
cell lines using two agents identified from a high-through- 
put drug screen [15, 36]. Although further study will be 
required to clarify the role of epigenetic BRM silencing as 
an oncogenic driver in the pathogenesis of UADT cancers, 
the current data raise the possibility of reversing this 
epigenetic dysregulation as a novel therapeutic and/or 
preventive approach in these malignancies. 

We observed that the double homozygotes had a signifi- 
cantly greater risk of early-stage UADT cancers compared 
to the heterozygotes or single homozygotes. Interestingly, 
although the association was not significant, the aORs of 
the heterozygotes and single homozygotes were similar and 
intermediate between those of the wild-type and double 
homozygotes, suggesting the possibility of a gene-dose 
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Table 3. The frequency of BRM polymorphisms in smokers and non- 
smokers with upper aerodigestive tract cancers. 



Adjusted OR (95% CI) 1 
cases vs. controls 



Interaction 



BRM polymorphism Ever-smokers Nonsmokers P-value 



All cancers 
Wild type (reference) 
Heterozygote 

(for either 

variant) 
BfiM-741 

homozygote 

only 
BPM-1321 

homozygote 

only 

BRM-741 and -1321 
homozygotes 

Lung cancer 
Wild type (reference) 
Heterozygote 

(for either 

variant) 
Bfl/W-741 

homozygote only 
BfiM-1321 

homozygote only 
Bfl/W-741 and -1321 
homozygotes 

Esophageal cancer 
Wild type (reference) 
Heterozygote 

(for either 

variant) 
BRM-741 

homozygote 

only 
BPM-1321 

homozygote 

only 

BPM-741 and -1321 
homozygotes 

Head and neck cancer 
Wild type (reference) 
Heterozygote 

(for either 

variant) 
BBM-741 

homozygote 

only 
BPM-1321 

homozygote 

only 

BPM-741 and -1321 
homozygotes 



1 1 0.32 

1.36(0.8-2.2) 1.39(0.7-2.6) 



1.26(0.6-3.2) 1.43(0.9-3.9) 



1.25(0.6-3.2) 1.35 (0.5-4.0) 



2.38(1.3-4.4) 2.62 (1.2-5.0) 



1 1 0.55 

1.33(0.5-3.7) 1.36(0.6-4.7) 



1.38(0.5-4.5) 1.42(0.4-5.0) 
1.66(0.9-4.7) 1.25(0.4-5.2) 
2.40(1.2-4.4) 2.49 (1.0-5.0) 



1 1 0.! 

1.05(0.4-3.6) 1.09(0.3-4.1) 



1.15(0.4-4.2) 1.13(0.3-4.8) 



1.22(0.3-3.9) 1.00(0.3-5.1) 



1.81 (0.6-3.0) 1.52 (0.6-4.3) 



1 1 0.42 

1.41 (0.7-4.2) 1.55 (0.8-5.2) 



1.51 (0.6-4.8) 1.58 (0.5-6.0) 



1.56(0.8-5.6) 1.47(0.6-6.3) 



2.53(1.4-4.5) 3.15(1.4-6.4) 



BRM, Brahma; OR, odds ratio; CI, confidence interval; UADT, upper 
aerodigestive tract. 

'The OR was adjusted for: age, sex, smoking status, pack-years, and 
family history of UADT cancers. 



effect. It may be that the repression of BRM only occurs in 
the presence of both homozygous insertion alleles. 9q23-24 
is an area highly affected by loss of heterozygosity in many 
tumors, and selective loss of the wild-type deletion alleles 
during carcinogenesis alongside linkage disequilibrium of 
the two polymorphisms may be driving the trend toward 
cancer association in individuals carrying the germline het- 
erozygotes in one or both polymorphisms, as seen in the 
current and prior studies [15]. Future molecular studies 
will be needed to evaluate the consequences of these 
promoter variant genotypes on BRM expression and their 
mechanisms in promoting cancer susceptibility. 

This study has several limitations. First, the small num- 
ber of esophageal cancer patients was underpowered to 
detect a smaller association of less than twofold with the 
double homozygous BRM variants. The study population 
consisted of only Caucasians and was derived from a 
single institution, which may affect the generalizability of 
the results. Our analysis also excluded small cell and large 
cell neuroendocrine lung cancers. Moreover, the control 
group was not population-based, as it was selected from a 
lung cancer screening program (smokers) and unrelated 
friends of other cancer patients (nonsmokers). Therefore, 
our findings need to be validated in future studies and in 
other patient populations. 

In summary, we have shown that the double homozy- 
gous BRM germline variants are associated with an 
increased risk of early-stage UADT cancers. This increased 
cancer risk is not affected by prior smoking history, 
histology, and disease site, suggesting that these promoter 
polymorphisms may independently contribute to cancer 
susceptibility. Further studies are needed to understand 
the biology of the BRM promoter variants in carcinogene- 
sis and to validate their clinical utility as potential 
biomarkers that predict the risk of UADT cancers. 
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